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I vibration mode - Horizontal deformation 
KhTOT =
Fh
yhTOT
: horizontal bending stiffness of the whole structure, 
yhTOT = B1 + B2 + B3 ʹd + A13d'
2 − A14d'
3( )cos γ −θ( ) : lateral displacement of the handles 
horizontal ends, 
yh1 =θx + A5x
2 − A6x
3⎡
⎣
⎤
⎦cosθ      x ∈ 0,b⎡⎣ ⎤⎦ ,
yh2 = B1 + A9s
2 − A10s
3⎡
⎣
⎤
⎦cosθ +θs + A3b− A4s
2⎡
⎣
⎤
⎦s      s ∈ 0,c⎡⎣ ⎤⎦ , 
yh3 = B1 + B2 + B3t + A13t
2 − A14t
3⎡
⎣
⎤
⎦cos γ −θ( )     t ∈ 0,d'⎡⎣ ⎤⎦ , 
θ = A1a − A2a
2⎡
⎣
⎤
⎦ , B1 =θb+ A5b
2 − A6b
3⎡
⎣
⎤
⎦cosθ , B2 = A9c
2 − A10c
3⎡
⎣
⎤
⎦cosθ + θ + A3b− A4b
2⎡
⎣
⎤
⎦c , 
B3 = θ + A3b− A4b
2 + A7c− A8c
2⎡
⎣
⎤
⎦ , A1 =
Fh
G1I 1
c+d( )cosβ + b
2
+ asinα
⎡
⎣
⎢
⎤
⎦
⎥ , A2 =
Fh
2G1I 1
sinα , 
A3 =
Fh
E 2I 2
c+d+ b( ) , A4 =
Fh
2E 2I 2
, A5 =
Fh
2E 2I 2
c+d+ b( ) , A6 =
Fh
6E 2I 2
,  A7 =
Fh
E3I 3
c+d( ) ,  
A8 =
Fh
2E3I 3
, A9 =
Fh
2E3I 3
c+d( ) , A10 =
Fh
6E3I 3
, A11 =
Fh
2Ea I a
cosγd' , A12 =
Fh
4Ea I a
cosγ , 
A13 =
Fh
4Ea I a
cosγd' , A14 =
Fh
12Ea I a
cosγ . l1 = asinα +
b
2
+ ccosβ , 
l2 = asinα +
b
2
+ c+d( )cosβ , 
Khp =
Fh
B1 + A9c
2 − A10c
3( )cosθ +θc+ A3b− A4b2( )⎡⎣ ⎤⎦
 : horizontal bending stiffness of the pillar. 
Kr = FLL
2
ΔyL FL( )
: torsional bending stiffness of the elastic silent-block.  
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II vibration mode - Vertical deformation 
KvTOT =
Fv
yvTOT
: vertical bending stiffness of the whole structure, 
yvTOT = B6 + A23d'+ A24d'
2 − A25d'
3 : lateral displacement of the vertical ends of the handles, 
yv1 = A15x
2 − A16x
3      x ∈ 0,a⎡⎣ ⎤⎦ , yv2 = B4 + A17s − A18s
2 − A19s
3     s ∈ 0,b⎡⎣ ⎤⎦ , 
yv3 = B5 + A20n + A21n
2 − A22n
3      n ∈ 0,c⎡⎣ ⎤⎦ , yv4 = B6 + A23t + A24t
2 − A25t
3      t ∈ 0,c⎡⎣ ⎤⎦ , 
B4 = A15a
2 − A16a
3 , B5 = B4 + A17b+ A18b
2 − A19b
3  , B6 = B5 + A20c+ A21c
2 − A22c
3  , 
A15 =
Fv
2E1I 1
sin2αa + c+d( )cosβsinα + b
2
sinα
⎡
⎣
⎢
⎤
⎦
⎥ , A16 =
sin2αFv
6E1I 1
,  
A17 =
Fv
E1I 1
sin2αa
2
+ c+d( )cosβ + b
2
⎛
⎝
⎜
⎞
⎠
⎟
⎡
⎣
⎢
⎤
⎦
⎥a
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
1
2
, A18 =
Fv
2 2E 2I 2
c+d( )cosβ + b
2
⎡
⎣
⎢
⎤
⎦
⎥ ,  
A19 =
Fv
12E 2I 2
, A20 =
Fv
E1I 1
sin2αa
2
+ c+d( )cosβ + b
2
⎛
⎝
⎜
⎞
⎠
⎟
⎡
⎣
⎢
⎤
⎦
⎥a
⎧
⎨
⎪
⎩⎪
⎫
⎬
⎪
⎭⎪
cosβ +
Fv
E 2I 2
c+d( )bcosβsinα + b
2
2 2
⎡
⎣
⎢
⎤
⎦
⎥cosβ , 
A21 =
Fv
E3I 3
c+d( ) cos
2β
2
⎡
⎣
⎢
⎤
⎦
⎥ , A22 =
Fv
6E3I 3
cosβ ,  
A23 =
Fv
2E1I 1
sin2αa +
Fv
E1I 1
 c+d( )cosβ + b
2
⎡
⎣
⎢
⎤
⎦
⎥a + 
Fv
E 2I 2
 c+d( )bcosβ + b
2
2 2
⎡
⎣
⎢
⎤
⎦
⎥+ 
Fv
E3I 3
 c c+d( )cosβ + c2
⎡
⎣
⎢
⎤
⎦
⎥ +
Fvde
2Ga I a
  
⎧
⎨
⎪
⎪
⎩
⎪
⎪
⎫
⎬
⎪
⎪
⎭
⎪
⎪
cosβ   , 
24
d cos
2
v
a a
FA
E I
βʹ
= , A25 =
Fvcosβ
12Ea I a
. 
Kvp =
Fh
B5 + A20c+ A21c
2 − A22c
3⎡
⎣
⎤
⎦
 : vertical bending stiffness of the pillar. 
A26 = sinα , A27 =
1
2
, A28 = asinα , A29 =
b
2
+asinα , A30 = cosβ , A31 = A29 + ccosβ .  
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III vibration mode - Torsional deformation 
KtTOT =
Fv
ytTOT
: torsional bending stiffness of the whole structure,  
ytTOT = B7 +d
'θ2 + A34d'
2 + A33d'
3 : torsional displacement of the handles end, 
yt1 = tθ1 + A32t
2 − A33t
3     t ∈ 0,e⎡⎣ ⎤⎦ , yt2 = B7 + sθ2 − A34s
2 − A33s
3   s ∈ 0,d'⎡⎣ ⎤⎦ , 
B7 = eθ1 + A32e
2 − A33e
3 , θ1 =
Fv e+d'sinγ( )
G3I 3
b
2
+ c
⎛
⎝
⎜
⎞
⎠
⎟ , θ2 =
Fvde
2Ga I a
, A32 =
Fve
4Ea I a
, 
A33 =
Fv
12Ea I a
, A34 =
Fv ʹd
4Ea I a
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